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BACKGROUND

The purpose of this investigation was to evaluate the potential for volatile organic compounds (VOCs) to migrate into
buildingsnear a suspected source in the vicinity of the 6000 Block in Mayfield Heights, Ohio (OH). Whileinvestigating
a gasoline spill on the block, the Ohio Environmental Protection Agency (OEPA) found chlorinated VOC contamination.

In early June 2013, at the request of the EPA/Environmental Response Team (ERT), Scientific, Engineering, Response
and Analytical Services (SERAS) contract personnel mobilized to the Site in Mayfield Heights, OH, installed and
sampled sub-slab sampling ports at 32 locations (residential and commercial). Grab samples were collected in Tedlar®
bags from 45 sub-slab soil gas ports and were analyzed on-site for select VOCs usingan Agilent gas chromatograph/mass
spectrometer (GC/MS) system. Additionally, SUMMA® canisters were collected over 24-hour periods from five of the
sub-slab sampling ports. This Trip Report details the tasks that were performed and presents the results associated with
these sampling events.

OBSERVATIONS AND ACTIVITIES

From May 31, 2013 through June 4, 2013, 46 sub-slab soil gas ports were installed at 32 locations. Grab sampling (in
Tedlar” bags) and on-site analysis occurred from June 3, 2013 through June 5,2013. A sample failed to be collected at
Unit 12, so therefore only 45 samples were analyzed. SUMMAY canister sub-slab soil gas samples were collected over
24-hour periods from five of the sub-slab sampling ports from June 4, 2013 through June 5, 2013. Co-located ambient
SUMMAY® canister air samples were also collected the same day the sub-slab soil gas samples were collected.

Appendix A contains the list of unit numbers and their corresponding addresses.

Sub-slab Soil Gas Port Installation

Sub-slab soil gas ports were installed at locations in the 6000 Block area of Mayfield Road in Mayfield Heights, OH.
The sub-slab soil gas ports were installed near the center of the basement or at locations chosen by the ERT Work
Assignment Manager (WAM). Ports were installed flush with the slab and capped with a Teflon® fitting that was

removed during sampling operations. Ports were installed in accordance with SERAS Standard Operating Procedure
(SOP) #2082, Construction and Installation of Permanent Sub-Slab Soil Gas Wells.
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Tedlar® Bag Sampling and Analysis

A total of 45 air samples from 31 units were collected in Tedlar® bags and analyzed on-site by SERAS personnel from
June 3, 2013 through June 5, 2013. On-site analysis was performed in accordance with SERAS SOP #1741, Field
Analysis of VOCs in Gaseous Phase Samples by GC/MSD Loop Injection. Allanalytical data were verified per screening
data (SD) requirements.

An Agilent®7890 gas chromatograph and 5975C Triple Axis mass spectrometer were used to perform on-site VOC
analysis of sub-slab soil gas samples collected in one-liter (L) Tedlar® bags. Ten compounds comprised the target
compound list (TCL): tetrachloroethene (PCE), trichloroethene (TCE), cis- 1,2-dichloroethene (cis-1-2, DCE), vinyl
chloride (VCL), and benzene, toluene, ethyl benzene, m,p,0-xylenes (BTEX). The report entitled GC/MS Analytical
Report, Mayfield Heights Vapor Intrusion Site, Mayfield Heights, Ohio firom June 2013, was prepared by SERAS and

submitted previously.
SUMMA?® Canister Sampling and Analysis

SERAS personnel collected a 24-hour sub-slab soil gas samples from each of five Units (4, 5, 13, 16 and 19) using a 6-L
SUMMA® canister in accordance with SERAS SOP #1704, SUMMA® Canister Sampling. A totalof 8 sub-slabsoil gas,
ambient air and blank samples were collected during a 24-hour sampling period yielding a 4 to 5-L time-weighted
average (TWA) sample. Two ambient air samples were collected on the day of sub-slab soil gas sampling. All samples
collected in SUMMA® canisters were properly documented. One trip blank was included with the shipment to the
laboratory. The samples were shipped to the ERT/SERAS Laboratory in Edison, New Jersey (NJ) for select VOC
analysis.

Analysis of the sub-slab soil gas, indoor and ambient air samples was performed in accordance with modified EPA
Method TO-15, Betermination of Volatile Organic Compounds (VOCs) in Air Collected in Specially-Prepared Canisters
and Analyzed by Gas Chromatography/Mass Spectrometry (GC/MS). The TCL included vinyl chloride, cis-1,2-
dichloroethene, TCE, PCE, BTEX, carbon tetrachloride and chloroform. Reporting Limits (RLs) for VOCs were set to
be 0.030 parts per billion by volume (ppbv) for all contaminants for the sub-slab and ambient air samples collected.
Results were reported in both ppbv and micrograms per cubic meter (jug/m’).

Tedlar® Bag Sampling Results

The non-residential sub-slab soil gas sampling results can be found in Table 1. Project screening levels were determined
by the Ohio Department of Health (ODH) in correspondence with EPA and can be found in Appendix B. As noted, the
ODH sub-slab soil gas non-residential screening level of 20 ppbv for TCE was exceeded at Unit 19 —SS01, Unit 19 —
SS03, Unit 19— SS05 and Unit 19— SS06 with concentrations ranging from 40 to 210 ppbv. For PCE, the ODH sub-slab
soil gas non-residential screening level of 250 ppbvwas exceeded at all six sub-slab soil gas ports in Unit 19 and the port
in Unit 28 at concentrations ranging from 330 to 170,000 ppbv.

The residential sub-slab soil gas sampling results can be found in Table 2. For PCE, the ODH sub-slab soil gas
residential screening level of 60 ppbv was exceeded at the sub-slab soil gas ports in Unit 4 and Unit 32 at concentrations
of 89 and 340 ppbv, respectively.

Figure | depicts the PCE concentrations in the vicinity of the 6000 block of Mayfield Road in Mayfield Heights, OH in
ppbv.

SUMMA® Canister Sampling Results

The SUMMA® Canister results and reporting limit values for the eight samples collected can be found in Table 3. Based
on these results the ODH sub-slab soil gas residential screening level of 60 ppbv for PCE was exceeded at Unit 4 ata

SERAS211-DTR-071213



concentration of 61.3 ppbv. For carbon tetrachloride the ODH sub-slab soil gas residential screening level of 2.6 ppbv
was exceeded at Unit4 at an estimated concentration of 125 ppbv. Also for carbon tetrachloride the ODH sub-slab soil
gas non-residential screening level of 1 ppbv was exceeded at Unit 19 — SS02 at an estimated concentration of 43.7

ppbv.

Appendix C contains the Tedlar Bag Sampling Worksheets, Appendix D contains the VOC SUMMA® Analytical
Report, and Appendix E contains the SERAS SUMMA® Sampling Worksheets.

FUTURE ACTIVITIES
Future activities will be determined by ERT and Region V personnel.
cc: Central File WA SER00211 (w/attachments)

Electronic File: 1:/Archive/SERAS/211/D/TR/071213
Dennis Miller, SERAS Program Manager (cover page only)
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Table 1

Non-Residential Tedlar Bag Sub-Slab Soil Gas Results in ppbv
Maytield Heights Vapor Intrusion Site
Maytield Heights, OH

July 2013
Sample Number ° ODHSSSG | ~ 43902 ° 43901 . 43903 | 43908
Location "+ Non-residential ‘| Unit001-SS01 | Unit001-SS02 | Unit001-SS03 | * Unit003-SS
Sample Date Screening level | “6/3/2013 | ©6/3/2013 | ©6/3/2013 |  6/3/2013
Benzene 20 0.52 U 0.54 0.52U 0.52U
cis-1,2-Dichloroethene 370 0.53 U 0.53U 0.53U 0.53U
Ethyl Benzene 2,500 0.52 U 0.52U 0.52U 0.52 U
m,p-Xylene 2,000 0.52 U 1.1 0.52U 1.8
o-Xylene 2,000 0.52U 0.88 0.52U 1.5
Tetrachloroethcne 250 0.51U 0.51U 0.51U 240
Toluene 3,400 0.52U 0.90 0.52U 0.53
Trichloroethene 20 0.50 U 0.50 U 0.50 U 1.4
Vinyl Chloride 20 0.51'U 0.51 U 051U 0.51U
Sample Number . ODHSSSG | = 43799 ~ 43798 |- 143801 43918
Location =~ Non-residential '[Unit009-SS01 [ Unit009-SS02| Unit010-SS [ “Unit011-SS
Sample Date Screening level |~ 6/4/2013 | 6/4/2013 | ~6/4/2013 | 6/3/2013
Benzene 20 0.52U 0.52U 0.52U 0.52U
cis-1,2-Dichloroethene 370 0.53U 0.53 U 0.53U 0.53 U
Ethyl Benzene 2,500 | 100 0.52U 0.52 U 0.52 U
m,p-Xylene 2,000 | 190 0.52U 0.52U 0.94
o-Xylene 2,000 | 130 0.52U 0.52 U 0.52 U
Tetrachloroethene 250 | 051U 0.51U 2.2 0.51U
Toluene 3,400 | 17 0.52 U 0.52U 1.3
Trichloroethene 20 | o.s0U 0.59 0.50 U 0.50 U
Vinyl Chloride 20 | os1uU 051U 0.51U 0.51U
Sample Number -ODHSSSG | 43920 - 43921 | 43922 | 43923
Location : = Non-residential - | Unit013-SS01 | Unit013-SS02 [ Unit013-SS03| Unit013-SS04
Sample Date Screening level 6/3/2013 6/3/2013 '6/3/2013 | 6/3/2013
Benzene 20 0.52U 0.52U 0.52 U 0.52U
cis-1,2-Dichloroethene 370 0.53 U 0.53 U 0.53U 0.53U
Ethyl Benzene 2,500 0.52 U 0.52 U 0.52U 2.1
m,p-Xylene 2,000 0.52 0.52U 0.74 13
o-Xylene 2,000 0.52U 0.52 U 0.52 U 7.3
Tetrachloroethene 250 0.51U 34 1.2 20
Toluene 3,400 0.71 0.52U 0.80 1.7
Trichloroethene 20 0.50U 0.50 U 0.50 U 0.50U
Vinyl Chloride 20 0.51U 051U 0.51U 0.51 U

Concentration in Bold indicates exceedence of screening level

ppbv = Parts per billion by volume
ODH S8 SG = Ohio Department of Health Sub-slab Soil Gas
U = None detected at or above the limit of quantitation

D = Analytical result is from an additional dilution run




Table |

Maytield Heights Vapor Intrusion Site
Mayfield Heights, OH

Non-Residential Tedlar Bag Sub-Slab Soil Gas Results in ppbv

July 2013
Sample Number ODH SS SG 43790 43791 43792 43793
Location ' Non-residential | Unit019-SSO01 | Unit019-SS02| Unit019-SS03 [ Unit019-SS04
Sample Date Scféening level | 6/3/2013 6/3/2013 6/3/2013 6/3/2013
Benzene 20 5.3 0.52U 091 52U
cis-1,2-Dichloroethene 370 110 0.53U 3.2 53U
Ethyl Benzene 2,500 52U 0.52U 0.52 U 52U
m,p-Xylene 2,000 7.3 0.52 U 052U 52U
o-Xylene 2,000 52U 0.52U 0.52U 52U
Tetrachloroethene 250 65000 330 170000 D 2700
Toluene 3,400 13 052U 0.59 52U
Trichloroethene 20 210 2.5 100 5.0U
Vinyl Chloride 20 5.1U 0.51U 0.51U 5.1U
Sample Number ODH SS SG 43789 43924 43806 43807
Location ' Non-residential | Unit019-SS05 [ Unit019-SS06| Unit027-SS01 | Unit027-SS02
Sample Date Screening'level 6/3/2013 6/3/2013 6/4/2013 6/4/2013
Benzene 20 52U 1.4 3.2 4.8
cis-1,2-Dichloroethene 370 9.1 17 9.4 0.85
Ethyl Benzene 2,500 52U 0.52 U 0.64 1.3
m,p-Xylene 2,000 15 0.52U 1.4 3.0
0-Xylene 2,000 8.5 0.52U 0.81 1.8
Tetrachloroethene 250 10000 31000 D 88 100
Toluene 3,400 52U 0.52U 4.1 7.2
Trichloroethene 20 40 140 27 15
Vinyl Chloride 20 5.1U 0.51U 0.51U 0.51U
Sample Number ODH SS SG 43808 43809 43816 43815
Location =~ Non-residential | "Unit028-SS | Unit029-SS | Unit031-SS01 | Unit031-SS02
Sample Date Screening level 6/4/2013 6/4/2013 6/5/2013 6/5/2013
Benzene 20 052U 11 0.52 U 0.60
cis-1,2-Dichloroethene 370 1.4 053U 053U 0.53 U
Ethyl Benzene 2,500 0.52U 4.4 0.52U 0.60
m,p-Xylene 2,000 0.52U 9.9 1.0 2.1
0-Xylene 2,000 0.52U 4.6 0.67 0.93
Tetrachloroethene 250 2500 21 58 0.53
Toluene 3,400 0.52U 23 0.84 1.6
Trichloroethene 20 9.7 0.50U 0.50 U 0.50 U
Vinyl Chloride 20 0.51U 0.51U 0.51'U 051U

Concentration in Bold indicates exceedence of screening level

ppbv = Patts per billion by volume
ODH SS SG = Ohio Department of Health Sub-slab Soil Gas
U = None detected at or above the limit of quantitation

D = Analytical result is from an additional dilution run




Table 2

Residential Tcdlar Bag Sub-Slab Soil Gas Results in ppbv
Mayfield Heights Vapor Intrusion Site
Maytield Heights, OH

July 2013
Sample Number | ‘ODHSSSG [ 43907 | 43909 43910 | 43911
Location * | Residential - [Unit002-SS | Unit004-SS|_Unit005-SS_| Unit006-SS
Sample Date | ‘Screening level | 6/3/2013 | 6/3/2013 |~ 6/3/2013 '6/3/2013
Benzene | 4 | 058 0.52U 0.52 U 0.52U
cis-1,2-Dichloroethene | 88 | 053U 0.53U 0.53 U 0.53 U
Ethyl Benzene | 600 | 052U 0.52U 052U | 052U
m,p-Xylene | 500 | 052U 0.52U 0.52U 052U |
o-Xylene | 500 | 052U | 052U 0.52U 052U |
Tetrachloroethene | 60 | 21 89 34 8.2
Toluene | 800 | 0.55 0.52U 0.52U 0.52U
Trichloroethene | 4 | 050U 0.50U 0.50 U 0.50 U
Vinyl Chloride | 4 | 051U 0.51'U 0.51'U 0.51U
Sample Number o l .ODHSSSG -] 43913 43914 43916 43904
Location o ‘Residential ] Unit007-SS | Unit008-SS| Unit012-SS | Unit0I5-SS
Sample Date Screening level |'6/3/2013 | "6/3/2013 | " 6/3/2013 6/3/2013
Benzene | 4 | 052U 0.52U 0.52U 0.52U
cis-1,2-Dichloroethene | 88 | 053U 0.53 U 0.53U 0.53 U
Ethyl Benzene | 600 | 052U 0.52U 0.52 U 0.52U
m,p-Xylene | 500 | 052U 0.52U 0.52U 0.52U
o-Xylene | 500 | 0.52U 0.52U 0.52U 0.52U
Tetrachloroethene | 60 | 051U 0.51U 0.51U 0.51U
Toluene | 800 | 34 0.52U 0.52U ~0.55
Trichloroethene | 4 | o0.50U 0.50 U 0.50 U 0.50 U
Vinyl Chloride | 4 ] 051U 0.51U 0.51 U 0.51U
Sample Number | ODHSSSG 43800 43905 | 43917 43906 |
Location |  Residential Unit016-SS| Unit017-SS| Unit018-SS | Unit020-SS -
[Sample Date | Screeninglevel | 6/4/2013 | 6/3/2013 6/3/2013 6/3/2013
|Benzene | 4 0.52U 0.52U 0.52U 0.52 U
|cis-1,2-Dichloroethene  } 88 0.53 U 0.53 U 0.53 U 053U
|Ethyl Benzene | 600 | 052U 0.52U 0.52U 0.52 U
[m,p-Xylene | 500 | 052U 0.52U 0.52 U 0.52U
o-Xylene 500 0.52U 0.52 U 0.52U 0.52U
Tetrachloroethene 60 0.57 0.64 0.51U 051U
[Toluene I 800 | 0.52U 0.52U 0.52 U 0.52 U
[ Trichloroethene | 4 | 050U 0.50U 0.50 U 0.50 U
| Vinyl Chloride | 4 | 051U 0.51U 0.51 U 0.51 U

Concentration in Bold indicates exceedence of screening level

ppbv = Parts per billion by volume
ODH SS SG = Ohio Department of Health Sub-slab Soil Gas
U = None detected at or above the limit of quantitation




Table 2

Residential Tedlar Bag Sub-Slab Soil Gas Results in ppbv
Maytield Heights Vapor Intrusion Site
Maytield Heights, OH

July 2013
Sample Number ODH SS SG 43919 43797 43811 ~43810
Location - Residential | Unit021-SS| Unit022-SS| Unit023-SS01 | Unit023-SS02
Sample Date Screening level | 6/3/2013 | 6/4/2013 | 6/4/2013 6/4/2013
Benzene 4 052U 052U 0.52U 0.54
cis-1,2-Dichloroethene 88 0.53U 0.53U 0.53 U 0.53U
Ethyl Benzene 600 0.52 U 0.52 U 0.52U 0.52U
m,p-Xylene 500 0.52U 0.52 U 0.52 U 0.86
o-Xylene 500 0.52 U 0.52U 0.52U 0.57
Tetrachloroethene 60 1.1 5.9 15 12
Toluene 800 0.52U 0.52U 0.52U 1.1
Trichloroethene 4 0.50U 0.50U 0.50U 0.50U
Vinyl Chloride 4 0.51U 0.51U 0.51U 0.51U
Sample Number ODH SS SG 43802 43805 43803 43804
Location Residential Unit024-SS | Unit025-SS| Unit026-SS | Unit030-SS
Sample Date Screening level | 6/4/2013 | 6/4/2013 6/4/2013 6/4/2013
Benzene 4 0.82 0.52 U 0.52 U 052U
cis-1,2-Dichloroethene 88 0.53 U 0.53 U 0.53U 0.53 U
Ethyl Benzene 600 0.70 0.52U 0.52U 0.52U
m,p-Xylene 500 1.8 0.52 U 0.52U 0.52 U
o-Xylene 500 2.3 0.52U 0.52U 0.52U
Tetrachloroethene 60 7.8 4.1 9.9 051U
Toluene 800 1.5 0.52U 0.52U 0.52U
Trichloroethene 4 0.50U 0.50U 0.50U 0.50U
Vinyl Chloride 4 0.51'U 0.51 U 051U 0.51U
Sample Number ODH SS SG 43814
L.ocation .Residential Unit032-SS
Sample Date Screening level | 6/5/2013
Benzene 4 0.52U
cis-1,2-Dichloroethene 88 0.53U
Ethyl Benzene 600 0.52U
m,p-Xylene 500 1.3
0-Xylene 500 0.71
Tetrachloroethene 60 340
Toluene 800 1.2
Trichloroethene 4 0.50 U
Vinyl Chloride 4 0.51'U

Concentration in Bold indicates exceedence of screening level

ppbv = Parts per billion by volume
ODH SS SG = Ohio Department of Health Sub-slab Soil Gas
U = None detected at or above the limit of quantitation




Table 3
SUMMA Canister Sub-Slab Soil Gas Results in ppbv
Maytield Heights Vapor Intrusion Site
Maytield Heights, OH

July 2013
Sample Number ODHSS SG 703 704 705 706 708
Location Residential | Unit4 - Amb 1| Unit 4 - Amb 2| Unit4 - SS| Unit 5-SS| Unit 16 - SS
Sample Date Screening level 6/5/2013 6/5/2013 6/512013 | 6/5/2013 6/5/2013
Benzene 4 0.104 0.116 0.0386 0.0352 0.0528
cis-1,2-Dichloroethene 88 0.0300 U 0.0300 U 0.0300U | 0.0323 U 0.0300 U
Ethyl Benzene 600 0.0548 0.0539 0.0316 0.0323 U 0.0318
m,p-Xylene 500 0.190 0.192 0.130 0.0863 J 0.143
o-Xylene 500 0.0693 0.0675 0.105 0.0534 0.0708
Tetrachloroethene 60 0.0300 U 0.0300 U 61.3 25.9 1.21
Toluene 800 0.274 0.282 0.120 0.0853 0.144
Trichloroethene 4 0.0300 U 0.0300 U 0.0300 U | 0.0323 U 0.0300 U
Vinyl Chloride 4 0.0300 U 0.0300 U 0.0300 U | 0.0323 U 0.0300 U
Carbon Tetrachloride 2.6 0.0517]) 0.0558 J 125 J 0.547) 0.116J
Chloroform 200 0.0300 U 0.0300 U 0.231 0.0323 U 15.6
Sample Number ODH SS SG 707 709 710
Location Non-residential | Unit 13 - SS4 | Unit 19 - SS2 | Trip Blank
Sample Date Screening level 6/5/2013 6/5/2013 6/5/2013
Benzene 20 0.222 0.114 0.0300 U
cis-1,2-Dichloroethene 370 0.0425U 0.596 0.0300U
Ethyl Benzene 2,500 0.769 0.0435 0.0300 U
m,p-Xylene 2,000 4.41 0.0861 0.0300 U
o-Xylene 2,000 1.89 0.120 0.0300 U
Tetrachloroethene 250 2.40 63.6 0.0300 U
Toluene 3,400 0.833 0.104 0.0300 U
Trichloroethene 20 0.0425U 1.81 0.0300 U
Vinyl Chloride 20 0.0425U 0.0300 U 0.0300 U
Carbon Tetrachloride 11 0.205J 43.7J 0.0300 UJ
Chloroform 800 0.0758 0.249 0.0300 U

Concentration in Bold indicates exceedence of screening level

ppbv = Parts per billion by volume
ODH SS SG = Ohio Department of Health Sub-slab Soil Gas
U = None detected at or above the limit of quantitation

J = Indicates concentration is estimated
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APPENDIX A
Unit Number to Address Key
Mayfield Heights Vapor Intrusion Site
Mayfield Heights, OH
July 2013




APPENDIX A
Unit Number to Address Key
Mayfield Heights Vapor Intrusion Site
Mayfield Heights, OH

July 2013
Location Sub Location
6028 Mayfield Road Commercial

{Unit001-SS01 to SS03

R

Unit003-85 6039 Mayfield Road Commercial

Unit009-8S01 to $502 6014 Mayfield Road Commercial

Unit010-8S 6020 Mayfield Road Commercial

Unit011-SS Commercial

Unit013-8S01 to SS04 6040 Mayfield Road Commercial

Unit014-88 (Not Sampled) [6088 Mayfield Road Commercial

Commercial

Unit027-8S01 to SS02

6105 Mayfield Road

Commercial

Unit028-SS

6061 Mayfield Road

Commercial

Unit029-SS

Unit03 1-SSO1 to SS02
Re

6075 Mayfield Road

6060 Mayfield Road

Commercial

Commercial
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OHIO DEPARTMENT OF HEALTH

246 North High Street 614/466-35:43
Columbus, Ohio 43215 www.odh.ohio.gov
John R. Kasich / Governor Theodore E. Wymyslo, M.D. / Director of Health

May 17,2013

SoniaR. Vega

Federal On-Scene Coordinator

U.S. Environmental Protection Agency
Emergency Response Branch

77 West Jackson Boulevard

Mail Code: SE-51

Chicago. I1. 60604-3507

Dear Sonia:

The lealth Assessment Section of the Ohio Department of Health is providing screening levels
and action levels for the contaminants of concernt in indoor air and sub-slab soil gas for
propertics at the 6000 Block Mayficld Road site in Mayfield Heights, Ohio.

The values listed in the tables arc expressed in micrograms per cubic meter (g/m’) and parts per
billion (ppb). We prefer the use of ppb, as we belicve it is more easily understood by the general
public. Based on the Region S guidance, we are giving you both screening levels and action
levels for assessing vapor intrusion sites:

Sercening Levels are based on 107 cancer risk or hazard index of 1.0. Screening levels represent
concentrations of a substance that arc unlikely to cause harmtul (adverse) health effects in
exposed people. Detections in indoor air below these levels are not of a health concern. When
available, our screening levels were taken from ATSDR’s minimal risk levels (MRLs) and
cancer risk evaluation guides (CRIEGs). Other sources include the U.S. EPA’s reference
concentrations (RICs), regional screening levels (RSLs); and, in the case of cis-1,2-DCE, the
2002 OSWER Vapor Intrusion Guidance.

Action Levels are based on 10” cancer risk and hazard index of 10. Detections in indoor air that
exceed this level would lead to a recommendation for actions to reduce exposure in arclatively
short period of time. Detections below the action level, but above the screening level would be
rcferred to the EPA Remedial program or to the state for evaluation.

Also included are corresponding values for non-residential buildings — spaces that are not used
forresidences or where children are not continuously present. Non-residential buildings include
commercial businesses and public buildings, churches, non-manutacturing businesses, and
industrics where these chemicals are not used as part of the manufacturing process. T'he non-
residential screening levels were derived by adjusting the residential values by a factor of 4.2 to
adjust from a 168-hour week for the residential exposurce to a 40-hour work week {or the non-
residential exposure. I'or industrial scttings were the chemicals in guestion are used, OSHA
permissible exposure limits or other occupational exposure values would apply.

1A /1LY 2/10 An tgual Oppodonity Linployet/Provider




If you have any questions regarding these values, please contact John Kollman in my program at
(614) 752-8335.

‘Thank you.
Sincerely,

Robert I'rey, PhD
Chief. Health Assessment Scction, Ohio Department of Health
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Table 1. Sercening Levels — Mayfield Heights, Ohio

kA ISDR comparisen \.1|uc for lohi \)Iuks

ng/m® = miccograms per cubic meter
ppb = paris per billion

MR == minimal risk level (A'TSBR) (noncancer)
CREC = cancer risk evaluation guide (A1SDR)

RIC = reference concentration (CPA)

OS\WVEER = Subsurface Vapor Intnusion Guidance (EPA Office of Solid Waste and Emergency Response 2002)

Chemical Of Concern - z ;. - "':1;(','9"(./‘7"’"” - Sonrce/Criteria 1\'0!!- e ,Slde'mm, Source/Criteria -

_ S Egiee ] . ppb : " pglar’ [ - ppb
Incloor Air Screening Levels

[ Benzene T 04 CREG x 10 4 | 2  [CREGx10x42
Car bon tetrachloride 1.7 0.26 CREG x 10 7 1.1 CREG/C X 10 x 4 2
Chleroferm 100 20 | MRLT 200 80 MRL x 4.2 S
cis-1,2- chhloroe(hylene Y 8.8 OSWER 150 37 OSWER x 4.2
 Ethylbenzene 300 60 MRL 1300 | 250 |MRLx42
Telrachioroethylene (PCE) a0 6 |RiC S T 25 |RiCx42

Toluene 3000 | T80 MRL 1,300 340 | MRLx42
Trichloroethylene (TCE) 2 04 RIC 0 2 RIC x4.2
mp-Xylene* o 200 50 | MRL 800 | 200 |MRLx42 T
o-Xylene* 200 |50 | MRL 800 200 MRL x 4.2
Vinyl chloride 1 0.4 CREG x 10 4 2 CREGX 10 x4.2

- 'Sub-slab Soil Gas Screening Levels - T B i
Benzene 10 4 CREG x 100 40 20 CREG x 100 x 4.2

| Carbon tetrachionide 17 26 | 'CREGx 100 ) 11 CREG/C x 100 x4.2
Chloroform 1,000 200 MRLx10 ~ 74,000 800 |MRLx10x42
cis-1,2-Dichlorocthylene 350 88 | OSWERx 10 1500 | 370 | OSWERx10x42
Elhylbénzene’ 3,000 600 |MRLx10 13,000 2500 |MRLx10x42
Telrachloroethylene (PCE) | 400 60 RIC x 10 " 1.700 250 | RICx10x42 _
Toluene 3,000 800 MRI. x 10 13000 | 3400 |MRLx10x4.2
Trichloroethylene (TCE) 20 4 RICx 10 00 20 RICx10x42
m,p-Xylene' T 2000 500 MRLX10 8,000 2,000 |MRLx10x4.2
W!' T 2,000 500 MRCx 10 8000 | 2000 |MRLx10x42
Vinyl chloride” B 10 7] CREGx 100 | 0 | 200 Wcmoo x42




‘Table 2. Actiou Levels — Maylield Heights, Ohio

FATSDR comparison value for total xylenes

ug/m® = micrograms per cubic mcter
ppb = parts per billion

MRL = minimal risk [evel (ATSDR) (noncancer)

CREG = cancerrisk evaluation guide (ATSDR)

RIC = reference concentration (EPA)

®S\WER = Subsurface Vapor Intrusion Guidance (EPA Office of Solid Waste and Emergency Respanse 2002)

Chemical of Concern: . _lfesnlvuﬂal - SourcesCriterla 1\'0/;-rcsnlc'/rlml " Source/Criteria
: nginr. i ppb o ngim ppb
Indoor Air Action Levels
Benzene 10 | 4 "CREG x 100 40 20 CREG x 100x4.2
Carbon tetrachloride 17 2.6 CREG x 100 70 1 CREG/C x 100x 4.2
" Chioroform 1,000 200 MRLx 10 74,000 800 MRL x 10 x 4.2
cis-1,2-Dichtoroethylene 350 88 "OSWER x 10 1,600 | 370 | OSWERx10x4.2
lmﬂﬁylbenz ene 3,000 600 MRL x ‘10 13,000 2,500 | MRLx 10x 4_.2'"" B
|_T§__tfach10roelhylene (PCE) 400 60 RfCx 10 1 ,700 250 RfC x 10 x42
Toluene 3,000 800 MRL x 10 13,000 3,400 | MRL
Trichloroethylene (TCE) 20 4 T [RICx10 100 20 RIC x 2
rnp-Xylene* 2000 | 500 MRL x 10 8,000 2,000 |MRLx10x4.2
o-Xylene* 2,000 500 MRUx 10 8,000 2,000 |[MRLx10x4.2
Vinyl chloride | 10 4 CREG x 100 40 20 CREG x 100 x 4.2
Sub-slab Soil Gas Action Levels
Benzene 100 40 CREGx100x 10 400 200 CREG x 100 x 10 x 4.2
' Carbon tetrachloride 170 26 CREG x 100 % 10 700 110 | CREG/ICx100x 10x42
Chloroform 10,000 2,000 | MRL x10x 10 40,000 8000 |MRLx10x10x42
' cis-1,2-Dichloroethylene 3,500 880 OSWERx 10x10 | 15008 3700 | OSWERx10x10x42
Ethylbenzene 30,000 6,000 | MRL x 10 x 10 130,000 25000 | MRL x10x10x42
Tetrachloroethylene {PCE) 44,000 600 RICx 10x 10 17,000 2500 |RICx10x10x42
Toluene 30,000 8000 [MRLx10x10 | 130,000 | 34,000 |MRLx10x 10x4.2
Tric hioroethylene (TCE) 200 40 RIC x10x 10 1,000 | 200 |RICx10x10x42
mp 20,000 5000 | MRLx10x10 80,000 | 20000 |MRLx10x10x4.2
o-Xylene* 20,000 5,000 MRLx10% 10 80,000 20,000 | MRLx10x 10X 4.2
Vinyl chloride 100 | 40 "CREGx100x 10 400 200 [ CREGx 100x10x 42
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Detailed Sample Information

SERAS Sample # Field Sample #
R306005-01 703
R306005-02 704
R306005-03 705
R306005-04 706
R306005-05 707
R306005-06 708
R306005-07 709
R306005-08 710
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Environmental Response Team/Scientific Engineering, Response and Analytical Services
2890 Woodbridge Avenue, Building 209 Annex
Edison NJ 08837

Introduction

SERAS personnel, inresponse to WA# SERAS-21 1, provided analytical support for environmental samples
collected from the Mayfield Heights Vapor Study Site in Mayfield Heights, OH as described in the following
table. The support also included QA/QC, data review and preparation of an analytical report containing
analytical and QA/QC results.

The samples analyzed at SERAS were treated with procedures consistent with those specified in SERAS SOP
#1008, Sample Receiving, Handling and Storage.

Chain of Custody # | Number | Sampling| Date Date Matrix ‘Analysis/ Laboratory | Data
of Date | Received | Analyzed _ Method S Package
Samples i EEAAR o
5-060413-175923- 2 06/05/13 | 06/06/13 | 06/11/13 Air VOC in Air/ SERAS Y 142
0001 5 & Soil Gas | SERAS SOP#
—_— 06/12/13 1814
1 Blank

Case Narrative

Sampling was conducted as per the site-specific Quality Assurance Project Plan (QAPP) and analyzed by the
analytical methods as stated in the QAPP. The laboratory reported the data to three significant figures. Any
other representation of the data is the responsibility of the user. Data were validated using a Stage 4 validation
done manually (S4VM) in accordance with the “Guidance for Labeling Externally Validated Data for
Superfund Use.” All data validation flags have been inserted into the results tables.

VOC in Air Package Y 142

Carbon tetrachloride was below the percent recovery criterion for the LCS of 06/11/13. Results for carbon
tetrachloride for samples 703 through 710 are qualified estimated (J).

m/p-Xylenes exceeded the %RPD criteria for the duplicate analysis of sample 706. The m/p-xylene result for
this sample is qualified estimated (J).

The results presented in this report only relate to the samples analyzed. All results are intended to be
considered in their entirety. The Environmental Response Team/Scientific, Engineering, Response and
Analytical Services laboratory is not responsible for utilization of less than the complete report.
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Environmental Response Team/Scientific Engineering, Response and Analytical Services
2890 Woodbridge Avenuie, Building 209 Annex
Edison NJ 08837

Summary of Ahhreviations

BI'B Bromotluorobenzene

C Centigrade

CLP Contract Laboratory Program

CcOoC Chain of Custody

conc concentration

cont continued

CRDL Contract Required Detection Limit

CRQL Contract Required Quantitation Limit

D (Surrogate Table) value is from a diluted sample and was not calculated
Dioxin Polychlorinated dibenzo-p-dioxins (PCDD) and Polychlorinated dibenzoturans (PCDF)
DFTPP Decatluorotriphenylphosphine

EMPC Estimated maximum possible concentration

GC/MS Gas Chromatography/ Mass Spectrometry

IS Internal Standard

LCS Laboratory Control Sample

LCSD Laboratory Control Sample Duplicate

MDA Minimum Detectable Activity

MS (BS) Matrix Spike (Blank Spike)

MSD (BSD) Matrix Spike Duplicate (Blank Spike Duplicate)

MW Molecular Weight

NA Not Applicable or Not Available

NAD Normalized Absolute DitYerence

NC Not Calculated

NR Not Requested/Not Reported

NS Not Spiked

% D Percent Difterence

% REC Percent Recovery

Sop Standard @pcrating Procedure

ppbv parts per billion by volume

ppm parts per million

pptv parts per trillion by volume

PQL Practical Quantitation Limit

PAL Performance Acceptance Limit

QA/QC Quality Assurance/Quality Control

QL Quantitation Limit

RL Reporting Limit

RPD Relative Percent Difterence

RSD Relative Standard Deviation

SERAS Scientitic, Engineering, Response and Analytical Services

SIM Selected lon Monitoring

Sur Surrogate

TIC Tentatively Identitied Compound

TCLP Toxicity Characteristic Leaching Procedure

VOC Volatile Organic Compound

* Value exceeds the acceptable QC limits

m’ cubic meter g gram ke kilogram L liter
ng microgram uL microliter mg milligram mL milliliter
ng nanogram pg picogram pCi picocuric s sigma

Data Validation Flags

] Value is estimated R Value is unusable

J+ Value is estimated high (metals only) U Not detected

J- Value is estimated low (metals only) Ul Not detected and RL is estimated
N Presumptively present (Aroclors only)

Rev. 1/14/09
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Environmental Response Team/Scientific Engineering, Response and Analytical Services
2890 Woodbridge Avenue, Building 209 Annex
Edison NJ 08837

Method: SERAS SOP#1814

Table 1.1a Results of the Analysis for VOC (ppbv) in Air
WA# SERAS-211, Maytield Heights

Page 1 of 1

SERAS Sample No: N/A R0306005-01 R0306005-02 R0306005-03
Sample Number Method blank 061113-01 703 704 705
Sample Location NA Unit 4-Amb1 Unit4-Amb2 Unit 4-SS
Results RL Resuits RL Results RL Resulls RL
Analyte ppbv__ ppbv ppbv__ ppbv ppbv__ ppbv ppbv_ ppbv
Vinyl Chloride U 0.0300 U 0.0300 U 00300 U 0.0300
cis-1,2-Dichloroethene U 0.0300 U 0.0300 U 0.0300 U 0.0300
Chloroform U 0.0300 U 0.0300 U 0.0300 0.231 0.0300
Benzene U 0.0300 0.104 0.0300 0.116 0.0300 0.0386 0.0300
Carbon Tetrachloride U 0.0300 0.0517 J 0.0300 0.0558 J 0.0300 125 J 1.50
Trichloroethene U 0.0300 U 0.0300 U 0.0300 U 00300
Toluene U 0.0300 0274 0.0300 0282 0.0300 0.120  0.0300
Tetrachloroethene U 0.0300 U 0.0300 U 0.0300 61.3 150
Ethylbenzene U 0.0300 0.0548 0.0300 0.0539 0.0300 0.0316  0.0300
mé&p-Xylene U 0.0300 0.190 0.0300 0.192  0.0300 0.130 0.0300
o-Xylene U 0.0300 0.0693  0.0300 0.0675___0.0300 0.105__ 0.0300

Method: SERAS SOP#1814

Table 1.1a (cont) Results of the Analysis for VOC (ppbv) in Air
WA# 211, Mayfield Heights .

SERAS Sample No: R0306005-04 R0306005-06 R0306005-07 R0306005-08
Sample Number 706 708 709 710
Sample Location Unit 5-SS Unit 16-SS Unit19-SS2 Trip Blank
Results RL Results RL SERESHIs —RL Results RL -
Anatyte ppbv_ ppbv ppbv__ ppbv ppbv_ - ppbv ppbv_ ppbv
Vinyl Chloride U~ 0.0323 U 0.0300 U 0.0300 U 0.0300
cis-1,2-Dichloroethene U 00323 U 00300 0.596  0.0300 U 0.0300
Chtoroform U 00323 15.6  0.0300 0.249  0.0300 U 0.0300
Benzene 00352 0.0323 0.0528  0.0300 0.114  0.0300 U 00300
Carbon Tetrachloride 0.547 J 0.0323 0.116 J 0.0300 437 J 1.50 U J 0.0300
Trichloroethene U 00323 U 0.0300 1.81  0.0300 U 0.0300
Toluene 0.0853  0.0323 0.144  0.0300 0.104  0.0300 U 0.0300
Tetrachloroethene 259 1.50 121 0.0300 636 150 U 0.0300
Ethylbenzene U 0.0323 0.0318  0.0300 0.0435  0.0300 U 0.0300
m&p-Xylene 0.0863 J 0.0323 0.143  0.0300 0.0861  0.0300 U 0.0300
o-Xylene 0.0534  0.0323 0.0708 _ 0.0300 0.120  0.0300 U 0.0300

Method: SERAS SOP#1814

SERAS Sample No:

Table 1.1a {cont) Results of the Analysisfor VOC (ppbv) in Air
WA# 211, Mayfield Heights

R0306005-05

Sample Number 707
Sample Location Unit 13-SS4
Results RL
Analyte ppbv__ ppbv
Vinyl Chloride U 0.0425
cis-1,2-Dichloroethene U 0.0425
Chioroform 0.0758 0.0425
Benzene 0222 0.0425
Carbon Tetrachloride 0.205 J 0.0425
Trichloroethene U 0.0425
Toluene 0.833 0.0425
Tetrachloroethene 2.40 0.0425
Ethyibenzene 0.769  0.0425
mé&p-Xylene 4.41  0.0425
o-Xylene 1.89 0.0425
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Environmental Response Team/Scientiific Engineering, Response and Analytical Services
2830 Woodbridge Avenue, Building 209 Annex
Edison NJ 08837

Method: SERAS SOP#1814

Table 1.1b Resuits of the Analysis for VOC (pglma) in Air

WA# SERAS- 211, Mayfield Heights

Page 1of 1

SERAS Sample No: N/A R0306005-01 R0306005-02 R0306005-03
Sampte Number Meihod blank 061113-01 703 704 705
Sample Location N/A Unit 4-Amb1 Unit4-Amb2 Unit4-SS
Results RL Resuits RL Results RL Results RL
Analyte pg/m3  pg/m3 dg/m3  pg/m3 dg/m3  ug/m3 Pa/m3  pg/m3
Vinyl Chloride U 0.0767 U 00767 U 0.0767 U 0.0767
cis-1,2-Dichloroethene Uu 0.119 U 0.119 U 0.119 U 0.119
Chloroform U 0.146 U 0.146 U 0.146 1.13  0.146
Benzene U 0.0958 0.332 0.0958 0.369 0.0958 0.123  0.0958
Carbon Tetrachioride U 0.189 0326 J0.189 0.351 J 0.189 784 J 9.45
Trichtoroethene U o0.161 U 0.161 U 0.161 U o0.161
Toluene U 0.113 103 0.113 1.06 0.113 0453 0.113
Tetrachloroethene U 0203 U 0.203 U 0203 416 10.2
Ethylbenzene U 0.130 0238 0.130 0234 0.130 0.137 0.130
m&p-Xylene U 0.130 0826 0.130 0.835 0.130 0.563 0.130
o-Xylene U 0.130 0.301 _ 0.130 0.293  0.130 0.455 0.130

Method: SERAS SOP#1814

Table 1.1b {cont) Result of the Analysis for VOC(pg/m3) in Air

WA# SERAS- 211, Mayfield Heights

SERAS Sample No: R0306005-04 R0306005-06 R0306005-07 R0306005-08
Sample Number 706 708 709 710
Sample Loca¥on Unit 5-SS Unit 16-SS Unit 19-SS2 Trip Blank
Results RL Results RL Results RL Results RL
Analyte yg/m3  pg/m3 pg/m3  ug/m3 pg/m3  pg/m3 ug/m3  pg/m3
Vinyl Chloride U 0.0825 U 00767 U 0.0767 U 0.0767
cis-1,2-Dichloroethene U 0.128 U 0.119 236 0.119 U 0.119
Chloroform U 0.158 76.1 0.146 1.21  0.146 U 0.146
Benzene 0.112 0.103 0.169 0.0958 0.364 0.0958 U 0.0958
Carbon Tetrachloride 3.44 J 0.203 0.730 J 0.189 275 J 9.44 U J0.189
Trichloroethene U 0.174 U 0.161 9.71 0.161 U 0.161
Toluene 0322 0.122 0.544 0.113 0.391 0.113 U 0.113
Telrachtoroethene 175 10.2 8.19 0.203 4320 10.2 U 0.203
Ethylbenzene U 0.140 0.138 0.130 0.189 0.130 U 0.130
mé&p-Xylene 0.375 J 0.140 0.619 0.130 0.374 0.130 U 0.130
o-Xylene 0232 0.140 0.307 0.130 0.522 0.130 U 0.130

Method: SERAS SOP#1814

Table 1.1b (cont) Resultofthe Analysis forVOC(ug/m3)in Air

WA# SERAS- 211, Mayfield Heights

SERAS Sampte No: R0306005-05
Sample Number 707
Sample Location Unit 13-SS4
Results RL

Analyte ya/m3  pa/m3
Vinyl Chlofide U 0.110
cis-1,2-Dichloroethene. U 0171
Chloroform 037t 0.211
Benzene 0.708 0.138
Carbon Tetrachloride 129 J 0.271
Trichtoroethene U 0.232
Toluene 3.13 0.163
Tetrachloroethene 16.3  0.292
Ethylbenzene 3.33 0.187
mé&p-Xylene 19.1  0.187
o-Xylene 8.17 0.187
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Environmental Response Team/Scientitic Engineering, Response and Analytical Services
2890 Woodbridge Avenue, Building 209 Annex
Edison NJ 08837

Table 2.1 Results of the LCS Analysis forVOC in Air
WA# SERAS-211, Mayfield Heights

Page 10f 1
Sample ID: LCS 061113
LCS LCS
Spike Amount Recovered QC Limits
Analyte ppbv ppbv % Recovery % Recovery
Vinyi Chlorde 1.00 0.986 98.6 54 - 122
cis-1,2-Dichloroethene 1.00 0.91 91.1 70 - 130
Chloroform 1.00 0.875 87.5 69 - 148
Benzene 1.00 0.988 98.8 78 - 108
Carbon Tetrachloride 1.00 0.814 81.4 * 84 - 154
Trichloroethene 1.00 0.905 90.5 77 - 123
Toluene 1.00 0.981 98.1 80 - 108
Tetrachloroethene 1.00 0.856 85.6 81 - 128
Ethylbenzene 1.00 0.971 971 86 - 111
ma&p-Xylene 2.00 1.79 89.5 67 - 119
o-Xylene 1.00 0.871 87.1 86 - 108

*Indicates out of the criteria
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Environmental Response Team/Scientfic Engneering, Response and Anaiytical Senvices
2830 Woodbridge Avenue, Bulding 203 Annex

Edison NJ 08837

Table 2.2 Results of the Duplicate Analysis for VOC in Air

WA# SERAS-211, Maylield Heights

Page 10f1
Sample ID: 710
Initial Analysis Duplicate Analysis QC Limit
Analyte ppbv ppbv RPD RPD
Vinyl Chloride u u NC <25
cis-1,2-Dichloroethene U U NC <25
Chloroform u u NC <25
Benzene u u NC <25
Carbon Tetrachloride u u NC <25
Trichloroethene u u NC <25
Tolvene u U NC <25
Tetrachbroethene u U NC <25
Ethylbenzene u U NC <25
m&p-Xylene U U NC <25
o-Xylene U U NC <25
Sample ID: 706
Initial Analysis Duplicate Analysis QC Limit
Analyte ppbv ppbv RPD RPD
Vinyl Chloride u U NC <25
cis-1,2-Dichloroethene U U NC <25
Chloroform U u NC <25
Benzene 0.0352 u NC <25
Carbon Tetrachloride 0.547 0.444 21 <25
Trichloroethene U U NC <25
Toluene 0.0853 0.0695 20 <25
Tetrachloroethene 25.9 26.2 1 s25
Ethylbenzene u U NC <25
mé&p-Xylene 0.0863 0.124 36 <25
o-Xylene 0.0534 0.0644 19 <25

SERAS-211-DAR-062713
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EPA/Environmental Response Team

Scientitic, Engincering, Response and Analytical Services
Lockheed Martin Corp., Edison, NJ
U.S. EPA Contract No. EP-W-09-031

Air Sampling Work Sheet

sive: A&/ FrEedD . wait_2/1
Sampler: _STEFFENS Frvy j A U.S. EPA/ERT WAM: _ (MZiA/ M 414 T
Date: (0/91'3 . (o =) /'J:'*_ SERAS Task Leader. & O/ [vY<1

ses | 00703 | 00704 | 00705 | 00706 00707 |

Location S UMl Lol DT M gy | UM ES —t/_“'?’qjsfs’z/—
Sub-Location f‘*;'}"mmls {,i:‘«,; L det S Hyuss s bt o
Summa # bs 5/ (59 S 7 ot
Oritice 1D /3940 | 7706 | (YoUug [ Joe3 (o /
Start Pressure - 3;3 — 20 ~ 3Dy e 20 . %O
Flow Rate (Start) — 3 ¢/ - g(o . 5/ : . .3 ( _ S 4
Flow meter ‘7(7(0‘ — S
Analysis/Method 197 PL i_ [ - N .
g::g)coumer /2 2 [01Yf Ve 2 2| |0S6
23.'22’)“""‘” toltt (ol o (2 oS | fod <

Total Time

End Pressure - { - 2 . ‘-// _ 2 - k; - 3

Sample Volume

ME'l’ Station on Site?: Y /N “
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EPA/Environmental Respouse Team

Scientific, Engineering, Response and Analytical Services

Site: __/ N~/ E1EC D
Sampler: xS'TZQTJFNS)—’Wl S v i

Lockheed Martin Corp., Edison, NJ
U.S. EPA Contract No. EP-W-09-031

Air Sampling Work Sheet

/
Date: bé/Z/ 7 ~fs5/t7

SERAS Task lLeader:

WAH#H -2 1y

U.S. EPA/ERT WAM:  WEAAHE!

5&1 Wl

" 00708

00709

Flow meter

NH

Sample # 00710
Location | un \T'{)S' cv Mi} .l: e \ Z_
Sub-L.ocation SAENWIN bos | ey BLanIk \ ,7
Summa # 157] WACEE) DT \\ / 7
Orifice ID l \{’0' t 7 [ o1 ~- \ / {
Start Pressure ‘ -39 o 3‘) T3 \\ A 1//‘ )
Flow Rate (Start) -3 ~32.4 - / \I V)‘.\\j:{’__/j

T =

g 1 — [ -
Analysis/Method _1’56. pg{ Iy - ”"”""‘““7 { \ /
;I‘Sitl::t/)Counter , I 2 7 / / 35 — \k ﬂ/ \ -
g Lo iy | e | SN

Total Time

Pz f\OTEﬂCﬁ fg'oﬁob\/

End Pressure ~— 2 5// - (/ — 3 'e) //
Sample Volume \) C..
MET Station on Site?: Y /N q\




